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The Schedule

The schedule represents the single agreed communication contract of how to operationally execute
all the needs of the stakeholders in the Bed Rest project. Paper copies of the schedule are posted in

Background

Future Constellation mission concepts will require a new suite of scheduling and planning tools that Ik | = BT
deliver improvements to current technology and processes, including:
e The ability to plan and reason about complex constraint networks on
schedules
* The ability for human operators to effectively
automated planning software " Bed Rest schedule from previous operations
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It’s the responsibility of a single scheduler to plan out the activities for each subject’s daily schedule
and take into account:
that are required on each Bed Rest day in the campaign

each subject must perform in addition to scientific tests (eg. Meals, Hygiene,

schedules generated by

Timeframe Model

The Bed Rest Project

The Flight Analogs Bed Rest Project simulates the effects of microgravity by having volunteer subjects

lie in bed with a head-down 6 degree tilt for 90 days as part of a 120-day campaign. The scheduler will plan out activities two weeks In advance, send

out the schedule on a weekly basis for approval from various
stakeholders, and receive feedback for possible change requests.

.|| || In addition, the scheduler must also change the schedule on short
notice if an anomaly occurs when:

(and cannot perform certain tests)
In the event of an anomaly, the scheduler must alter the schedule,
resolve any constraint conflicts and send the schedule out before
the next morning.

Bed Rest schedule report from SPIFe

Approach

Drawing on and experience developing tools' for
the Mars Exploration Rover (MER) mission in 2003, the

team began development in 2003 for the Mars robotic missions Phoenix and
Mars Science Laboratory (MSL)?. A Bed Rest adaptation of SPIFe was implemented in 2007 with
additional features to help the task of scheduling in a human domain. Although planning scheduling
for robotic missions seems very different than scheduling in the human domain, it has many of the
same core problems. We outline some our lessons learned in the Bed Rest domain here. 4o

{l The Importance of Constraints

Fix selected | Fix violations ~ —

There are numerous constraints on every activity in a Bed Rest schedule including:
e Operational Constraints
¢ Room and equipment restrictions
e Travel time that it takes to physically move the subject from floor to another for a test  Notemporal violations.
e Scientific and Health Constraints  sflightruleviolations.

Travel to first floor required: 9183 must be transported due to [sokinetic EKL at

e Drug or meal interactions that would interfere with data 4/30/07 955 AM.
® Drug or meal InteraCtIOHS that Could make a SUbJeCt feel |” g;?jr.l:;?imlmkmﬂi{ EK1 and Away T1 are scheduled at once for 9183 at 4/30/07
PY Personal Req uests No Food: Lunch L1 is too close to Remaining Meal RML for 3985 at 4/30/07 1:15 PM.
: No Food: Cycle Ergometer EC1 is too close to Remaining Meal RM1 for 7961 at 4/30/07
e | ab requests (eg. vacations, preference to not work on a weekend) 3:00 PM.
° SUbJeCt requeStS (eg eatlng meals a_t 3 Certaln tlme Of the day) Concurrent: Please move 1 or more of the following overlapping activities: Dinner D1,

Dinner D1, and Dinner D1 at4/30/07 5:45 PM.

Europa constraint manager

The constraints are satisfiable.

f:' Automated Assistance Must Allow for Human Intervention

There are a number of commercial automated planners and schedulers that are designed to resolve
any constraint violations in a plan or schedule, usually by moving or removing activities.
Plan Advisor

In order to ensure all constraints are enforced in a schedule:

e The scheduler and all other stakeholders refer to a

¢ \/alidation that all constraints are being respected was accomplished only by
Although many people reviewed the schedule repeatedly, the final schedule still sometimes contained
getting nauseous to losing or missing the collection of data

In the plan and wiill:
e Sometimes take hours or days to solving all the violations in a schedule
e Often return an unreasonable schedule without any insight for its reasoning

when creating and verifying the schedule

which resulted anywhere from a subject

SPIFe uses a of automated planning and user control by allowing the user to select
a specific set of activities in the plan to resolve and by allowing them to accept or reject its proposed
changes for each activity. The Plan Advisor will also always display all the violations that exist in a
schedule and allowing the user to resolve them manually without the use of the automated planner.

Some statistics to illustrate how complex this task is:
® There are on average between
e Fach subject has approximately
® There are currently defined and a total of and
e This can easily result in over 100 conflicts on one day in a schedule

, each of whom is in a different stage of a campaign

defined among them

uggests the following changes.

Considering 1 temporal viclation.
Considering 3 flight rule violations.

Light Breakfast Complex Carbs B2 4/30/07 9:00 AM
4/30/07 9:45 AM
A (N -AN AR

To assist the scheduler with the task of enforcing all constraints in the schedule, SPIFe notifies the user of all existing violations in the plan in the
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Fixing Violations in SPIFe

i:' Different Views for Different Tasks {I Soft Constraints

{& Refinement and Iteration

¥ 4 Activity Defs
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SPIFe has two different ways of presenting the plan based on the user’s task:
(a tabular view). The Timeline is what the

the , and the

Bed Rest scheduler primarily uses to edit the plan and displays activities in a

chronologically in the horizontal direction and by subject in the vertical direction.
e Changing the time of an activity done by dragging the activity, represented by a
rectangle, across the screen with the mouse.
¢ Information about the activity and timepoint of the mouse are displayed in the

upper left corner.
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Subtotal: (1 activity)
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Merge Editor
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Unlike the Mars robotic domain where
activities are determined months before
the mission, the Bed Rest project had a
need to

. For example:

e Shortly after beginning the study;, it
was discovered that subjects required
massage therapy every other day
in order prevent their muscles from
stiffening.

To facilitate the ability for the Bed

Rest team to make changes to activity
definitions, an

IS currently under development that
would allow the Bed Rest scheduler

to edit attributes and constraints and
almost immediately use them in SPIFe.
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~ General Information

ity Name*: |Cardiac Function (Echo)

Short Name*: ’EC"IO—|
category
ion*: 0200 ]

Operator of Test: Operator Cardio Team B
Room Used:
Time to Setup Room: 00:00:00

Equipment Used: Equipment Cardio s
Time to Setup Equipment: 00:30:00

~ Trawvel

Travel to Location:

~ Food

Type of eal Includec:
No Food: 00:30:00  before and 00:10:00 | after activity

No Regular Food: 04:00:00  before and 00:20:00 | after activity
Special Lactulose Food: |00:40:00 before and 00:50:00 | after activity

~ Exercise

No Exercise: 01:00:00 before and 00:10:00 | after activity

No Max Exercise: |23:00:00 before and 00:15:00 | after activity

~ Drugs

Avoid Drugs For: 23:00:00 | before activity

Drugs To Avoid: N/A

Activity Dictionary Editor

In the robotic domain, there exist constraints called that if broken can
result in harm to the vehicle. Alternatively, the Bed Rest schedule had a notion

of where it is sometimes necessary to “bend the rules”. For
example:

e A lab may not wish to conduct any tests on a weekend, but if it’'s imperative
that scientific data be collected on a Sunday the lab operators can make an
exception.

e A subject should be fed lunch between 11:30 AM and 1:00 PM, but it would not
be harmful to allow them to eat slightly earlier or later.

To accommodate for this in

SPIFe, the ability for the user to
for an activity The constraints are satisfiable.

was added, which would tell T Notemporalviolations,

the Plan Advisor to ignore the T 1fight rule violation.

Constralnts for that aCt|V|ty (waived) No Food: Remaining Meal RML is too close to *Lunch L1 for 3985 at 4/30/07
. 1:15 Pp.

Fix selected | Fix violations ~ —

Europa constraint manager

Plan Advisor ignoring waived activity
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